INTRODUCTION
============

Arsenic, a poisonous heavy metal, is persistent in the environment and possesses potential for a wide range of deleterious health consequences. Millions of people in Bangladesh and many other countries are exposed to elevated levels of arsenic through drinking contaminated ground water.^[@ref1],[@ref2])^ Arsenic exposure thereby created a serious public health concern worldwide. The effect of this heavy metal poisoning is apparent either in short time or after prolonged exposure depending on the dose and route of its entry, body defense mechanism, and nutritional status of an individual. Long-term exposure to arsenic causes a wide range of adverse effects on health, including weight loss, skin lesions, cancer, cardiovascular disease (CVD), diabetes, liver disorders, immunotoxicity etc.^[@ref3]-[@ref7])^ Most of the arsenic compounds are known to be soluble in water to some extent, thereby easily transported through the blood to various organs of the body. Although some of the arsenic that enters the body is excreted, however, a significant portion is reported to be absorbed by various tissues/organs including hair, nails, liver, kidney, heart, lung and spleen causing adverse physiological effects.^[@ref8]-[@ref10])^

Among several hypotheses that have been proposed for understanding the mechanism of arsenic toxicity, the involvement of arsenic-induced oxidative stress is considered as the most prominent. Arsenic-induced oxidative stress results mainly from its ability to generate reactive oxygen species (ROS) and to interact with sulfhydryl groups of proteins/enzymes.^[@ref11]-[@ref13])^ Various studies have demonstrated that this oxidative stress is capable of disrupting multiple cellular signaling pathways that may play prominent roles in arsenic-mediated disease manifestation.^[@ref14],[@ref15])^ Despite recognition of the global public health threat of arsenic toxicity; its effective, reliable and safe treatment still remained mostly unknown. Considering the existence of a correlation between arsenic toxicity and oxidative stress, researchers are looking forward to utilizing the antioxidant properties of different plant extracts to combat arsenic poisoning.

Recent studies have demonstrated potential roles of antioxidants in the prevention and/or management of arsenic toxicity.^[@ref16],[@ref17])^ Consequently, plant-based natural compounds and their active constituents with high antioxidant potential have received great attention because of their ability to counteract the toxic effects of arsenic.^[@ref18],[@ref19])^ Natural antioxidants present in tea extract have been shown to protect against arsenic-induced toxicities.^[@ref20],[@ref21])^ We have recently reported that arsenic-induced loss of mice body weight and enlargement of various organs were prevented by dietary supplementation of *Phyllanthus emblica* leaf extract.^[@ref9])^ Therefore, the search for antioxidants in fruit, vegetable and medicinal plants to ameliorate the toxic effects of heavy metals is drawing great attention around the globe.

*Syzygium cumini* Linn. (family *Myrtaceae*), a well-known fruit plant, is widely distributed in tropical and subtropical regions including Bangladesh. *S. cumini* has been greatly valued for possessing bioactive compounds such as flavonoids, glycosides, tannins, anthocyanins and ascorbic acid; all of which have excellent antioxidant properties.^[@ref22],[@ref23])^ In this context, multiple therapeutic applications of *S. cumini* have so far been described; among them is anti-diabetic, anti-inflammatory, anti-diarrheal, anticancer, and antimicrobial activities.^[@ref24]-[@ref27])^ In the present investigation, extract of *S. cumini* leaves was evaluated for its preventive activity against arsenic-mediated adverse effects in experimental mice.

MATERIALS AND METHODS
=====================

Plant materials
---------------

The leaves of *S. cumini* were collected from orchards at Curzon Hall campus, University of Dhaka, Bangladesh. The plant was identified and authenticated and a voucher specimen (Accession no. 34742) of the plant was deposited in Bangladesh National Herbarium.

Preparation of S. cumini leaf extracts (SLE)
--------------------------------------------

SLE was obtained as described previously.^[@ref25])^ Briefly, the leaves were cleaned and air-dried at room temperature keeping them away from direct sunlight for 7--10 days followed by grinding to a coarse powder. Leaf powder (250.0 g) thus obtained was soaked in 1 L ethanol (95%) in a flask and kept for extraction at room temperature for 1 week. The extract was then filtered using Whatman filter paper (no. 11) to collect the filtrate. The residue was again soaked in ethanol to get additional extractive. All the collected filtrates were then concentrated using vacuum rotary evaporator at reduced temperature and pressure. A gummy substance obtained thereby was subjected to drying at room temperature to prepare the powdered form. The powdered extract was weighed and stored at 4ºC for further work. From 250.0 g of dried leaf powder, 35.5 g (14.2%) of the extract was finally obtained. The extract was mixed with mice feed purchased from International Centre for Diarrheal Disease Research, Bangladesh (icddr,b).

Animal maintenance
------------------

Swiss albino mice (male, 6 weeks of age) were purchased from icddr,b. Mice were randomly selected and housed in plastic cages with wood-cob bedding (6 mice/cage). After one week of acclimation, mice were divided into four groups namely control, arsenic (As), As+SLE and SLE. 'Control' mice were supplied with miliQ water using feeding bottles and normal mice feed. The 'As group' mice were given normal feed and sodium arsenite (NaAsO~2~) containing water (prepared in miliQ water, 10 μg/g body weight/day) while the 'As+SLE group' mice were provided with SLE (50 μg/g body weight/day) containing feed and As-containing water. The 'SLE group' was provided with SLE containing feed and miliQ water. These different groups of mice were maintained for 12 weeks. All these procedures and experiments using mice were undertaken following the ethical issues set by the Faculty of Biological Sciences, University of Dhaka, Bangladesh.

Measurement of the body and organ weight of mice
------------------------------------------------

Each mouse of all groups was weighed in every two weeks using an analytical balance and recorded accordingly. After 12 weeks of maintenance, the mice were sacrificed by cervical dislocation and the abdomen was exposed surgically by ventral incision. The kidney, liver and spleen were removed carefully, cleaned of all fat and connective tissue and weighed. The average organ/body weight (mg/g) ratio was then calculated.

Blood collection and assay of various serum parameters
------------------------------------------------------

Surgical blade (size 11) was pinched sharply between the ear and eye of the mice. Blood came out as drops and collected in test tubes. Serum was then separated from the collected blood and kept at --80°C until the assays for various parameters were done. Serum glucose and uric acid levels were measured, and alkaline phosphatase (ALP), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) activities were determined using commercially available assay kit following manufacturer's protocol (Human Diagnostic, Germany; DiaSys Diagnostic Systems, Turkey; and Biosystems S.A., Spain). All serum samples were analyzed in duplicate and then mean values were used.

Measurement of arsenic deposition in tissue samples of As-exposed mice
----------------------------------------------------------------------

Levels of arsenic in the tissue samples of As-exposed mice were measured by the method described previously.^[@ref28])^ Briefly, liver and spleen samples were taken in a 15 ml polypropylene tube in the presence of 3 ml of nitric acid (61%). The tubes were capped properly and incubated at 80°C for 48 hrs, followed by cooling for 1 hr to room temperature. After cooling, 3 ml of hydrogen peroxide (30%) was added to each tube, followed by incubation at 80°C for 3 hrs. After suitable dilution of the digested materials with ultrapure water, levels of arsenic in the samples were determined by an inductively coupled plasma-mass spectrometer (ICP-MS; 7500cx, Agilent Technologies, Inc.) with a reaction cell for the absence of ArCl ion interference.

Statistical analysis
--------------------

Statistical analyses for this study were performed using software of Statistical Packages for Social Sciences (SPSS version 17.0, SPSS Inc., Chicago, IL). Data were shown as mean ± SD. Data were analyzed by one-way ANOVA followed by Bonferroni multiple comparison tests. A value of *p*\<0.05 was considered statistically significant.

RESULTS
=======

Arsenic-mediated decrease in mice body weight was partially rescued by SLE
--------------------------------------------------------------------------

The initial average body weight of the 'control', 'As', 'As+SLE' and 'SLE' group of mice were 18.20±0.71, 18.06±0.80, 18.49±1.47 and 17.80±1.34 g, respectively. Each group of mice was supplied with their respective feed and drink as described in the materials and methods section. The weight of each group of mice was noted at every two-week interval, although the data of 0, 4, 8 and 12 weeks were plotted as shown in [Fig. 1](#fig1){ref-type="fig"}. After 12 weeks, the average body weight of the control, As, As+SLE and SLE group became 32.25±1.5, 19.81±1.3, 25.57±0.73 and 31.78±0.65 g, respectively. It was observed that the control mice gained weight gradually with time; however, the normal gain of the body weight in As-exposed mice was disrupted. Body weight gain in As-exposed mice was significantly reduced compared with control at 4, 8 and 12 weeks (*p*\<0.05). Interestingly, SLE supplementation partially rescued the mice from impaired growth observed in the As-exposed group. The body weight of As+SLE group mice was significantly different (*p*\<0.05) from the As group mice. This result indicated a potential role of SLE in mitigating arsenic-mediated toxic effects for growth retardation. The pattern of growth in control and SLE group mice were found to be similar indicating no apparent effects of SLE alone on mice growth.

![SLE partially rescues As-induced loss of body weight.\
Body weight of each group mice was taken at every two weeks and continued up to 12 weeks from the starting date of the experiment (0 week). Data of 0, 4, 8 and 12 weeks were plotted. *X*- and *Y*-axis represented the duration (week) of diet and body weight (g), respectively. Data shown as mean ± SD (n=6 per group). ^a^Significantly different (*p*\<0.05) from the control group at 4, 8 and 12 weeks. ^b^Significantly different (*p*\<0.05) from the As group at 4, 8 and 12 weeks. The overall difference (heterogeneity) between four groups (Control, As, As+SLE and SLE) in all cases of 4, 8 and 12 weeks is statistically significant (*p*\<0.01).](2186-3326-79-0167-g001){#fig1}

SLE supplementation blocked arsenic-induced enlargement of kidney, liver and spleen
-----------------------------------------------------------------------------------

We next examined whether any changes in physical appearance of internal organs such as kidney, liver and spleen occurred in arsenic-exposed mice or not. Organs such as spleen, kidney and liver were collected and the organ weight-to-body weight ratio was calculated as shown in [Table 1](#table1){ref-type="table"}. In control mice, mean ± SD organ-to-body weight ratios for spleen, kidney and liver was 3.6±0.32, 12.5±1.29 and 42.2±4.76, respectively. The organ-to-body weight ratios for spleen, kidney and liver of As-exposed mice, however, were significantly increased (*p*\<0.05) compared to control and the values became 4.9±0.24, 19.1±3.39 and 54.2±2.97, respectively. It was evident from this result that the mice of As-group were associated with spleen, kidney and liver enlargement. Interestingly, SLE supplementation mostly blocked this increase in organ-to-body weight ratios as evident from the comparable organ-to-body weight ratios of both the control and As+SLE group mice ([Table 1](#table1){ref-type="table"}). These results indicated that SLE might have played an important role in reducing the arsenic-mediated toxic effects on those affected organs.

###### 

Organ weight-to-body weight ratios of all four groups of mice after 12 week

  Organ wt/body wt (mg/g)   Control     As             As + SLE       SLE
  ------------------------- ----------- -------------- -------------- -----------
  Spleen                    3.6±0.32    4.9±0.24^a^    3.9±0.24^b^    3.7±0.43
  Kidney                    12.5±1.29   19.1±3.39^a^   14.5±1.28^b^   12.8±1.49
  Liver                     42.2±4.76   54.2±2.97^a^   46.1±3.37^b^   41.5±3.35

Values shown as mean ± SD (n=6 per group).

^a^Significantly different (*p*\<0.05) from the control.

^b^Significantly different (*p*\<0.05) from the As group.

The overall difference (heterogeneity) between four groups (Control, As, As+SLE and SLE) in all cases of spleen, kidney and liver is statistically significant (*p*\<0.01).

Arsenic-induced elevation of ALP, ALT and LDH was partially blocked by SLE
--------------------------------------------------------------------------

The liver is known as one of the most important organs in the body for its ability to metabolize nutrients, detoxify harmful substances and perform many other vital functions. The liver enlargement caused by arsenic poisoning in this study might have linkage with liver dysfunction. We, therefore, measured the levels of the enzymes e.g. ALP and ALT in serum as the elevated activity of these enzymes is known to have an association with liver as well as some other organ dysfunction. Compared to the levels of serum ALP and ALT of control mice (188.91±10.43 and 56.01±9.41 U/L, respectively), the levels of these enzymes in As-exposed mice were increased (260.59±20.67 and 82.61±8.43 U/L, respectively) as shown in [Fig. 2A](#fig2){ref-type="fig"}. These increases in the enzyme activities were statistically significant (*p*\<0.05). When the As-exposed mice were supplemented with SLE, the As-induced elevations of ALP and ALT activity were significantly blocked (*p*\<0.05). In addition, we also measured the level of LDH in serum which might also be elevated due to damage of the heart, liver and kidney cells caused by arsenic exposure. Serum LDH level in As-exposed mice (694.25±39.21 U/L) was increased significantly compared to control (405.22±22.81 U/L) ([Fig. 2B](#fig2){ref-type="fig"}). This result indicated arsenic-mediated possible damage of heart and other tissues that might have caused elevation of serum LDH level. We again observed that this serum elevation of LDH was partially blocked when SLE was supplemented.

![SLE partially rescues arsenic-mediated elevation of serum enzymes.\
Blood samples were collected after 12 weeks of diet for determining the levels of the serum enzymes ALP, ALT (A) and LDH (B). Data shown as mean±SD (n=6 per group). ^a^Significantly different (*p*\<0.05) from the control group. ^b^Significantly different (*p*\<0.05) from As group. The overall difference (heterogeneity) between four groups (Control, As, As+SLE and SLE) in all cases of ALP, ALT and LDH is statistically significant (*p*\<0.01).](2186-3326-79-0167-g002){#fig2}

Arsenic deposition was higher in liver compared to spleen of As-exposed mice
----------------------------------------------------------------------------

We next determined the level of arsenic deposition in the liver and spleen by ICP-MS. Arsenic was deposited in a quite higher amount in the liver (6.01±1.80 mg/Kg body weight) than in the spleen (1.68±0.20 mg/Kg body weight) of the As-exposed mice ([Fig. 3](#fig3){ref-type="fig"}). A significant difference (*p*\<0.05) of arsenic deposition in both liver and spleen was observed in As-exposed mice group compared to the control. We also tested whether SLE supplementation decreases arsenic deposition in those organs. Although SLE partially reduced the level of arsenic deposition in those organs (liver 3.76±1.01 and spleen 1.24±0.19 mg/Kg body weight), however, this reduction was not statistically significant (*p*\>0.05). These results argued that the arsenic-mediated toxic effects could mostly be reduced by SLE, but not arsenic deposition in various organs.

![Deposition of arsenic (mg/Kg body weight) in the liver and spleen of As-exposed mice.\
Data shown as mean±SD (n=3 per group). ^a^Significantly different (*p*\<0.05) from the control. The overall difference (heterogeneity) between three groups (Control, As and As+SLE) in both cases of liver and spleen is statistically significant (*p*\<0.01).](2186-3326-79-0167-g003){#fig3}

Arsenic-induced elevation of uric acid and glucose was partially blocked by SLE
-------------------------------------------------------------------------------

Arsenic-induced elevation of LDH and uric acid is reported to be associated with an increased risk of CVD.^[@ref29],[@ref30])^ As the elevation of LDH is already observed in this study, we next examined whether arsenic exposure is also associated with increased uric acid level. As shown in [Fig. 4](#fig4){ref-type="fig"}, serum uric acid in the As-exposed group (4.15±0.23 mg/dl) was increased compared to the control (3.44±0.29 mg/dl). Although SLE supplementation partially blocked the elevation of this enzyme, however, the difference was not statistically significant (*p*\>0.05) when the As-exposed group was compared to the As+SLE group. Arsenic is known to induce diabetes mellitus,^[@ref6],[@ref31],[@ref32])^ while diabetes mellitus has been shown to be associated with uric acid level.^[@ref33]-[@ref35])^ We, therefore, tested whether or not As-exposed mice accompany increased serum glucose level. We observed that arsenic exposure significantly (*p*\<0.05) increased the serum glucose level (181.33±11.71 mg/dl) compared with control (110.66±9.01 mg/dl). SLE supplementation prevented partially, although not significantly (*p*\>0.05), the As-induced increase in glucose level.

![SLE partially rescues arsenic-mediated elevation of serum uric acid and glucose\
Blood samples were collected after 12 weeks of diet for determining the levels of the serum uric acid and glucose. Data shown as mean±SD (n=3 per group). ^a^Significantly different (*p*\<0.05) from the control. The overall difference (heterogeneity) between four groups (Control, As, As+SLE and SLE) in case of serum glucose is statistically significant (*p*\<0.01); however, in case of serum uric acid is found on the borderline of statistical significance (*p*=0.053).](2186-3326-79-0167-g004){#fig4}

DISCUSSION
==========

Elevated intake of arsenic has been shown to interfere with a number of organ and body functions through perturbation of various biochemical and physiological activities.^[@ref36]-[@ref38])^ The mechanism by which arsenic mediates toxic effects is not yet understood completely, however, generation of ROS by arsenic is thought to play a vital role in the process.^[@ref39])^ The present study evaluated the effect of SLE on arsenic-induced toxic effects in mice. The obtained results demonstrated that SLE significantly protected the experimental animals from the toxic effects. The gain of body weight usually serves as a useful indicator of animal growth which may be disrupted by exposing the animals to toxic substances. The reduction in body weight in As-exposed mice might be due to the toxic effects of arsenic which hampered several metabolic processes associated with retardation of growth and development.^[@ref9],[@ref19],[@ref40],[@ref41])^ However, the animals exposed to arsenic together with SLE supplementation were partially rescued from weight loss compared to arsenic alone exposure group indicating an effective ameliorating effect of SLE against arsenic-induced toxicity. Furthermore, the ineffectiveness of SLE alone to impose any visible change in growth suggests the nontoxic nature of SLE itself in the animals. The mechanism by which SLE prevented arsenic-mediated weight loss is still unclear; however, the high antioxidant content of SLE probably helped to scavenge free radicals generated by arsenic.^[@ref42],[@ref43])^ This view is supported by earlier reports that demonstrated prevention of arsenic-mediated weight loss by turmeric and *Phyllanthus emblica* leaf extract, each of which is known to have ROS scavenging activity.^[@ref9],[@ref19])^

Though almost all organs are being affected by arsenic exposure, the liver, kidney and spleen are thought to be most susceptible to the toxic effects.^[@ref44]-[@ref46])^ In our study, a significant increase in liver, kidney and spleen weight was observed in As-exposed mice demonstrated by increased organ/body weight ratio ([Table 1](#table1){ref-type="table"}). Our results comply with previous reports that showed an association between arsenic exposure and hepatomegaly, splenomegaly or kidney enlargement.^[@ref7],[@ref9],[@ref44])^ Co-treatment with SLE along with arsenic could significantly reinstate the organ weights to near-normal status, which is an indicative of the therapeutic potential of SLE against arsenic toxicity.

As a potential sulfhydryl-reactive compound, arsenic binds thiol groups of proteins/enzymes in the liver and undergoes biotransformation, thereby interfering with the integrity of hepatic plasma membrane leading to leakage of AST and ALT in serum.^[@ref47])^ ALT and ALP are usually measured to indicate damage of hepatic cells and problem with bones/gallbladder/kidney. ALT is known to be primarily localized inside liver cells; however, ALP is present in a wide variety of tissues including liver, bones, intestines, kidneys, and other organs. The levels of ALP and ALT are increased to some extent in most cases of liver injury or inflammation. In this study, we have shown that serum levels of ALP and ALT have been increased significantly in As-exposed mice compared to unexposed animals. Elevated levels of these enzymes indicated liver dysfunction in exposed animals as demonstrated in earlier reports.^[@ref5],[@ref16],[@ref48])^ In addition to an increase in serum ALP and ALT, we have also observed a considerable elevation in serum LDH, which is also in accordance with the observations, reported previously.^[@ref19],[@ref29],[@ref49])^ The increase in LDH levels might be due to the damage of liver, heart and kidney cells caused by arsenic exposure. Elevation of all these serum enzymes, in our study, was significantly prevented when SLE was co-administered with arsenic.

Cellular and tissue accumulation of arsenic is thought to be a major concern because of its persistent damaging potential. Arsenic is known to accumulate in various organs including liver, kidneys, heart, lungs, muscles and spleen when ingested by human and animals.^[@ref8],[@ref9],[@ref50])^ Significantly high levels of arsenic accumulation were also observed in this study within the tested organs of the As-exposed group ([Fig. 3](#fig3){ref-type="fig"}). Although SLE was firmly able to prevent decrease in body weight gain and enlargement of organ weights in As-exposed mice ([Fig. 1](#fig1){ref-type="fig"} and [Table 1](#table1){ref-type="table"}), its ability to reduce arsenic deposition in organs, however, was not significant.

Evidence is accumulating in favor of an association between arsenic exposure and induction of diabetes in human and animal.^[@ref6],[@ref31],[@ref32])^ Our study demonstrates a significant difference in the level of blood glucose between control and As-treated mice ([Fig. 4](#fig4){ref-type="fig"}) supporting the above notion. The increase in glucose level might account for the cytotoxic effect of arsenic on the pancreatic β-cells.^[@ref51])^ In addition to increase in glucose level, the treated mice also accompany an increase in uric acid level. Our results act in accordance with the previous reports demonstrating a role of uric acid in the manifestation of diabetes^[@ref33]-[@ref35])^ however, the relationship between uric acid and hyperglycemia is not always consistent. Many studies showed a positive correlation between the levels of serum uric acid and glucose, while others suggested an inverse relationship.^[@ref52],[@ref53])^ Although SLE significantly blocked arsenic-induced elevations of serum ALP, ALT and LDH activity, however, it could not reduce serum uric acid and glucose levels significantly.

In conclusion, the present study demonstrated a considerable effect of SLE against an arsenic-induced reduction in body weight gain, enlargement of organs and increase in various serum parameters. One of the major mechanisms behind arsenic toxicity has been attributed to oxidative stress. In connection with this view, SLE might show protection against arsenic-induced toxicity through its ability to counteract oxidative stress. The presence of a number of potential antioxidants in the test extracts^[@ref22],[@ref23],[@ref25],[@ref54])^ probably contributed to overall protection against the deleterious effects. Despite the great potential of SLE to ameliorate arsenic-induced adverse effects, the exact role of the SLE ingredients in the process of amelioration is still not understood clearly. Therefore, additional research about physiological, cellular and molecular mechanisms of the ingredients present in the extract is needed. This may lead us to develop a SLE-based therapeutic drug in future for the intervention of the complications due to arsenic exposure in human.
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